ency. Middle-school students were randomly assigned to play an arithmetic game, FactorReactor, developed by the Games for Learning Institute for the purpose of this research. They played either on their own (individual), against another student (competitive), or together with another student (collaborative). Learning, performance, achievement goal orientations, interest, enjoyment, and future game intentions were examined as a function of mode of play.
Theoretical Background
In the present research, we were interested in how three modes of play (individual, competitive, and collaborative) affect learning, game performance, and motivation. The conceptual framework for this research consists of the educational context of learning, achievement goal theory, and interest for which we review related research in this section.
Educational Contexts
It has long been established that social context generally, and peer interaction specifically, impact the learning process and that knowledge construction is a social, collaborative process (Light & Littleton, 1999; Piaget, 1932; Salomon, 1993; Scardamalia & Bereiter, 1991; Vygotsky, 1978) . Research on the social context of learning has found that peer involvement in learning can affect both academic achievement as well as learner attitudes in a variety of contexts. Early work on cooperative learning in the classroom context suggests that peer collaboration may have positive effects on academic achievement across a variety of content areas (Berg, 1994; Dillenbourg, 1999; Slavin, 1980 Slavin, , 1983 Slavin, Leavey, & Madden, 1984) . Cooperative learning has also been found to increase positive attitudes toward school generally and mathematics as a subject area (Slavin, 1980; Slavin et al., 1984) . Research on competition suggests that learning and performance are better in competitive compared with individual settings (Ames, 1984) and that competitive features result in the development of analytic skills (Fu, Wu, & Ho, 2009 ), but not always in increased learning outcomes (Ke & Grabowski, 2007) .
Collaboration
Group collaboration can take a variety of forms and has been investigated in a broad range of contexts, including classroombased learning (Berg, 1994) , computer-based learning (R. T. Johnson, Johnson, & Stanne, 1986; Mevarech, Stern, & Levita, 1987; Scardamalia & Bereiter, 1991) , and web-based and e-learning (Hron & Friedrich, 2003) . What these collaborations have in common is that two or more learners interact in a synchronous form to negotiate shared meaning and jointly and continuously solve problems (Dillenbourg, 1999) .
The recent surge in interest in digital games as tools for learning offers up a new forum for investigating learning as a social activity. Initial research has provided thick descriptions and case studies of such collaborative activities in learning with games and related activities (Barab, Thomas, Dodge, Carteaux, & Tuzun, 2005; Squire, 2005; Steinkuehler, 2006) . In comparison to individual study, group collaboration appears to be well suited for problem solving because collaboration encourages students to explain their thinking, verbalize it, and engage in joint elaboration on their decision making (Mullins, Rummel, & Spada, 2011) . In addition, Kirschner, Paas, Kirschner, and Janssen (2011) showed that students working in small groups were better able to handle the cognitive load demands of problems with complex information, and thus learned more efficiently, than students solving problems in individual work.
The effects of collaboration only accrue, however, when certain conditions are met. In fact, a meta-analysis by Lou et al. (1996) found that collaboration did not have an effect in about one fourth of the studies, and in some cases even had a negative impact. Some of the conditions for the effectiveness of group collaboration are so fundamental that many consider them part of the definition of collaborative learning: Group members must have a shared group goal that they deem important, and the success of the activity must depend on all members of the group; that is, each member must be individually accountable (Slavin, 1988) .
In addition to these fundamental conditions, additional ways to support group collaboration have been explored. Berg (1994) , for example, used collaboration scripts to facilitate group collaboration, and Hron, Hesse, Cress, and Giovis (2000) showed that structuring the dialogue in group collaboration enhanced learners' orientation to the subject matter and reduced off-task conversation, though it did not increase knowledge gains. Other ways to assure the success of collaborative learning includes providing students with visualization tools (Fischer, Bruhn, Gräsel, & Mandl, 2002) , managing the cognitive load they experience (van Bruggen, Kirschner, & Jochems, 2002) , and providing adaptive support from intelligent tutors (Diziol, Walker, Rummel, & Koedinger, 2010) and from interactive dialogue agents (Chaudhuri et al., 2008) .
The beneficial performance effects of collaboration only appear to be present for tasks involving conceptual knowledge, but not for procedural skill fluency (Mullins et al., 2011) . In their research, Mullins et al. (2011) found that collaboration improved learning for both conceptual and procedural (skill fluency) material but that students in the procedural skill task engaged in ineffective learning behaviors. This is supported by other studies of group collaboration on learning involving conceptual knowledge that found that students provide explanations to one another (Diziol, Rummel, Spada, & McLaren, 2007) and engage in joint elaboration and co-construction of knowledge (Berg, 1994) . The same kind of elaboration was not found in procedural skills acquisition.
In the present study, we were interested in investigating collaboration on a game-based task of arithmetic fluency development. Even though research so far has not shown clear benefits of collaboration for skills automation, other research suggests that conceptual knowledge and skills acquisition are linked, and the development of one can benefit the other (Rittle- Johnson & Alibali, 1999; Rittle-Johnson, Siegler, & Alibali, 2001) .
Arithmetic skills development begins in early childhood and continues throughout formal and informal schooling with the goal of becoming automated, but even adults often still use strategies to solve basic problems of addition, subtraction, multiplication, and division rather than retrieving basic arithmetic facts from longterm memory (Tronsky, 2005) . The adaptive strategy choice model developed by Siegler and colleagues (Lemaire & Siegler, 1995; Shrager & Siegler, 1998) describes the development of strategy use along four dimensions as arithmetic experience increases. These dimensions include (a) which strategies are available to the This document is copyrighted by the American Psychological Association or one of its allied publishers.
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2 learner, (b) when a particular strategy is used, (c) how that strategy is executed, and (e) the decisions governing which strategy is chosen. As learners encounter arithmetic problems, they select and carry out a strategy to solve the problem and, in the process, accumulate data on the effectiveness of their strategy on multiple levels (Shrager & Siegler, 1998) . Research has shown that, over time, automation (i.e., retrieval of the correct answer from memory) becomes the dominant strategy because it yields highest accuracy rates and shortest response times (Tronsky, 2005) .
FactorReactor was designed to support this skill automation in middle-school-age children by providing arithmetic problems that increase in difficulty from one level to the next. Small-group collaboration was found to be beneficial in the classroom even for the development of arithmetic skills , and we were interested in whether a collaborative mode in the game would result in higher performance compared with an individual play mode.
Competition
A common element of video games is a competitive mode in which players compete with one another. In some cases, this competition means that two or more players compete for the same goal, such as in the table tennis game in Wii Sports Resort. In other cases, both players play the same game individually but are aware of each other's progress and score, such as in the bowling game in Wii Sports Resort.
Many studies investigating the effect of competitive forms of learning compare various social modes with an individual mode. A meta-analysis of 122 studies, comparing the effects of individual, competitive, and collaborative goal structures on achievement, found benefits for collaborative compared with competitive or individual goal structures (D. W. Johnson, Johnson, Maruyama, Nelson, & Skon, 1981) . In a related study, R. T. Johnson, Johnson, and Stanne (1986) compared the effect of computer-assisted cooperative, competitive, and individual learning on performance and attitudes. Eighth graders were randomly assigned to work in either a small group, in the cooperative and competitive conditions, or individually to learn about fundamentals of map reading and navigation. Students in the cooperative condition were found to show the highest performance on daily worksheets. However, both the cooperative and competitive groups had higher levels of interest in computers at the close of the study, as compared with those who worked individually. More recently, Fu et al. (2009) investigated the knowledge creation process in a web-based learning environment concerning computer software. The authors predicted that the social presence of peers, in the form of a partner, would increase performance as well as enjoyment motivation. Four conditions were compared in which the collaborative (presence vs. absence of a partner) and competitive (presence vs. absence of financial reward and grade feedback) features of group learning of undergraduate students were systematically varied. Results indicate that both the collaborative and competitive features increased enjoyment in learning. When competitive features were present, students demonstrated higher analytic skills, or the separation of concepts into component parts as a means to understand organizational structure, as defined by Bloom's (1956) taxonomy. The collaborative feature encouraged higher synthetic skills, or the building of structure from information, and therefore was indicative of higher level learning. The authors concluded that both collaborative and competitive elements worked to bolster performance in a web-based environment. Strommen (1993) compared cooperative and competitive contexts in learning from a computer-based natural science game among fourth graders. Students in the collaborative condition were found to be more successful in their game performance and used more game play strategies as compared with those in the competitive condition. Ke and Grabowski (2007) used a math computer game addressing measurement, whole numbers, equations, and graphing to examine the impact of cooperative game play, individual play, and competitive game play in fifth graders. After eight 40-min game play sessions, there was no difference between the cooperative and competitive conditions in achievement, as measured by multiple-choice arithmetic test. However, students in the cooperative condition demonstrated more positive math attitudes at the close of the study as compared with those in the competitive condition, further suggesting that the presence of peers when learning impacts attitudes toward academic content.
Because competition is a common element of games, and because some research suggests that performance is better in competitive compared with individual settings (Ames, 1984) , we were interested in how learning and performance in the competitive play version of FactorReactor compared with individual play.
Achievement Goal Orientations
The structure of learning environments and the tasks used to engage learners can elicit particular achievement goals that can either facilitate or hinder learning (Ames, 1992; Meece, Anderman, & Anderman, 2006) . Similarly, modes of play may influence the adoption of particular goal orientations. Achievement goal theory posits two major types of goal orientations people endorse in achievement situations: mastery and performance (Ames & Archer, 1988; Dweck & Leggett, 1988; Elliot, 2005) . A mastery goal orientation focuses on learning and the development of abilities, and success is defined in terms of personal improvement. In contrast, performance goal orientations focus on demonstrating or validating abilities, and success is defined in terms of performing well compared with others (Elliot, 1999 (Elliot, , 2005 . It is distinct from competition, however, in that outperforming others is a means of demonstrating or validating abilities rather than being the goal in and of itself. Performance goals can further be subdivided into approach and avoidance dimensions (Cury, Elliot, Da Fonseca, & Moller, 2006; Elliot, 2005; Elliot & McGregor, 2001) . A performance-approach goal orientation focuses on performing well compared with others, whereas a performance-avoidance goal orientation is concerned with evading the appearance of incompetence and performing poorly relative to others. This approachavoidance distinction has also been made with regard to mastery goals (Elliot, 1999; Elliot & McGregor, 2001) ; however, there is less empirical support for it (Maehr & Zusho, 2009 ). Therefore, we used the trichotomous model in the present research, assessing mastery-approach (which we refer to as mastery), performanceapproach, and performance-avoidance goals among learners.
In general, research has found that mastery goal orientations result in highly adaptive patterns of motivation and learning (Midgley, Kaplan, & Middleton, 2001) . For example, they are associated with high levels of effort and persistence (Grant & This document is copyrighted by the American Psychological Association or one of its allied publishers.
3 MODE OF GAME PLAY Dweck, 2003) , particularly on difficult tasks (Elliott & Dweck, 1988; Stipek & Kowalski, 1989) , increased task involvement (Harackiewicz, Barron, Tauer, Carter, & Elliot, 2000) , and increased self-efficacy (Meece, Blumenfeld, & Hoyle, 1988; Midgley et al., 1998) . Moreover, mastery goal orientations are associated with enhanced learning strategies that lead to better understanding of concepts and recall (Ames & Archer, 1988; Elliot & McGregor, 2001; Grant & Dweck, 2003) . Although performance-approach goals can also have adaptive outcomes, such as high academic achievement (Harackiewicz, Barron, Pintrich, Elliot, & Thrash, 2002) , these benefits can be accompanied by test anxiety (Linnenbrink, 2005; Skaalvik, 1997) , cheating (Tas & Tekkaya, 2010) , and the avoidance of help seeking (Karabenick, 2004) . In contrast, performance-avoidance goals are consistently found to result in maladaptive motivational outcomes (Elliot & Mapes, 2005; Harackiewicz et al., 2002; Midgley et al., 2001) . They are associated with lower achievement, intrinsic motivation, academic selfefficacy, and engagement (e.g., Church, Elliot, & Gable, 2001; Elliot & McGregor, 1999; Middleton & Midgley, 1997; Pekrun, Elliot, & Maier, 2009; Skaalvik, 1997) . Taken together, mastery goal orientations provide the most adaptive framework from which to pursue educational goals, and contexts structured to invoke these goals have the potential to benefit student motivation in the long run. For example, O'Keefe, Ben-Eliyahu, and Linnenbrink-Garcia (2013) found that a masterystructured learning environment not only attenuated students' performance-approach and -avoidance goal orientations but also augmented mastery goal orientations. Furthermore, the observed increases in mastery goal orientations were sustained 6 months after students had returned to more traditional, performanceoriented learning environments.
In the present research, we examined how playing an educational game by oneself, in competition with another, or collaboratively results in the adoption of various achievement goal orientations. Given their influence on the adaptiveness of motivational and learning patterns, in the present study we intended to shed light on how the design and implementation of educational games can result in optimal motivational outcomes. A study by Ames (1984) found that working individually on a set of puzzles led children to attribute their level of performance to the effort they had expended, whereas those working competitively attributed their performance to their level of ability. Given that these attributional patterns map onto mastery and performance goal orientations, respectively (Dweck, 1986; Dweck & Leggett, 1988) , we might expect that performance goal orientations would be adopted more strongly in the competitive condition relative to the individual play condition. The context of a game, however, may change the meaning of competition. Although games can heighten concerns about performance, they do not necessarily heighten concerns about the demonstration or validation of normative ability. Instead, educational games, such as the one employed in the present research, are designed to produce incremental personal success, which is in line with a mastery goal orientation. Therefore, we expected that playing competitively would increase mastery goal orientations as compared to individual play and that performance goal orientations would not be affected by the competitive game context.
We expected the collaborative condition to have a similar effect on players' mastery goal orientations. A study by Ames and Felker (1979) examining children's attributions regarding the achievement outcomes of another student found that ability attributions were stronger for those who worked individually and competitively than collaboratively. Similarly, effort attributions were stronger for individual and competitive work than successful (as compared with unsuccessful) collaborations. These results would suggest an ambiguous prediction regarding the adoption of achievement goal orientations in the types of contexts that are traditionally examined. However, the context of an educational game is different than the nongame contexts that are typically studied, largely because it provides a framework for incremental personal improvement. Accordingly, we expected that collaborative play would invoke stronger mastery goal orientations compared to individual play, and that performance goal orientations would remain unaffected.
Interest
Mode of play should similarly have an impact on players' interest in the game. First, it is useful to distinguish two general types of interest. Individual interest refers to an intrinsic desire and tendency to engage in particular ideas, content, and activities over time. For example, someone with an individual interest in sports may watch games on television, read up on player stats, or play in a competitive athletic league, and engage in these activities on a relatively regular basis. Situational interest, in contrast, refers to the attentional and affective reactions elicited by the environment (e.g., Hidi & Renninger, 2006; Linnenbrink-Garcia et al., 2010) . For instance, a physics instructor explaining how rockets work may not elicit much situational interest in his or her students using traditional lecture methods; however, he or she would likely elicit high situational interest by having students build and launch their own rockets. Although situational interest involves elements that include feelings of excitement and fascination, it is distinct from other constructs, such as enjoyment, in that it also includes elements relating to the personal value of the interest object or involvement in the activity.
Situational interest is of particular importance in education because it is essential to the development of individual interest. According to Hidi and Renninger's (2006) four phase model, once situational interest is triggered, it can be maintained when personal relevance or involvement is established. Individual interest begins to emerge when the individual develops a relatively persistent predisposition to reengage in particular ideas, content, or activities. Finally, well-developed individual interest emerges once contextual supports are no longer necessary, such that the interest is generally, but not exclusively, self-generated. In the present study, we were interested in how the modes of play, particularly competitive and collaborative, influence situational interest, as it may suggest how games for learning can be designed and implemented to effectively elicit situational interest, and ultimately develop into individual interest in academic topics.
Although one of the defining characteristics of games is to elicit situational interest (Salen & Zimmerman, 2003) , the extent to which individual, competitive, and collaborative modes of play contribute to its invocation has not yet been examined experimentally. We expected that competitive and collaborative play modes would elicit greater situational interest than playing alone due to the social aspect of playing against or with a partner. These social contexts should enhance the excitement of game play, as well as This document is copyrighted by the American Psychological Association or one of its allied publishers.
personal involvement. Additionally, we expected that other indicators of interest and motivation would reflect this prediction, such that the competitive and collaborative conditions should lead to greater enjoyment of the game, as well as a greater likelihood of future game reengagement and recommending the game to others.
The Present Study
In the present study, we aimed to investigate how three modes of play (individual, competitive, and collaborative) affect learning, game performance, and motivation. As discussed above, social educational contexts, such as competition and collaboration, have been shown to affect learning in a variety of settings, such as classrooms and web-based environments, for different age groups, and for different levels of learning objectives. It is of great interest to game designers and motivation theorists alike whether similar effects can be found for digital games designed for educational purposes. We, therefore, investigated how competitive and collaborative modes of play compared with individual play in impacting learning, performance, achievement goal orientations, situational interest, enjoyment, and intentions to reengage in the game and recommend it to others. Our focus on these outcomes reflects the important intentions of using games for educational purposes, such that they have the potential to improve performance and increase engagement in educational activities. For the present research, we used FactorReactor, a game designed to practice and automate arithmetic skills to increase arithmetic fluency in middle-schoolage students.
Method
Participants. Participants were 58 sixth-, seventh-, and eighth-grade students (58.6% female) from seven urban public schools in a major northeastern city. All students were taking part in a technology-themed afterschool program led by a teacher at their school. Membership in each of the programs was small and voluntary. In partnership with these programs, researchers made weekly visits to each school during the academic year to introduce students to educational technologies and games. In one of the sessions, students participated in the present study. The mean age of the students was 11.02 years (SD ϭ 3.61). Missing data were handled through listwise deletion.
Procedure. Before students arrived to the classroom in which the study was run, tables were arranged so that computer stations could be set up sufficiently far apart from one another. When students arrived, their assent and parental consent was collected, and were then seated at a computer station. They first watched an instructional video on their computers that provided an overview of the rules and goals of the game, FactorReactor, as well as how to use the Xbox game controller. Computer monitors were either 13 or 15 in. (33 or 38.1 cm). All participants then played a practice round of the game individually for 5 min. During this time, they were provided with a controller schematic sheet to assist in learning the operation of the controller. At the end of the practice session, an experimenter was available to the students to clarify any issues regarding the game, and the controller schematic sheet was taken away. Next, all participants played the game independently for 3 min, which constituted the pretest of game performance.
Students were then randomly assigned to one of three modes of play: individual (n ϭ 16), competitive (n ϭ 20), and collaborative (n ϭ 22). This also meant that partners in the competitive and collaborative conditions were random. Participants in the individual condition were situated in front of a laptop computer with a single controller, whereas the competitive and collaborative conditions joined with a partner in front of a laptop computer with two controllers. Before beginning, an experimenter provided the context for the experimental game play and specific instructions to the students. Those in the individual condition were told that they would be playing the same version of the game as before and were given the following instructions: "When playing the game, get the best score you can." Those in the competitive condition were told that they would be playing a version of the game that allowed two players to compete against each other and were given the following instructions: "When playing the game, compete against each other for the better score." Those in the collaborative condition were told that they would be playing a version of the game that allowed two players to play together and were given the following instructions: "When playing the game, work together to get the best score." Instructions to learners regarding how to collaborate were kept relatively short for three reasons: First, middle-schoolage students are used to playing games without receiving elaborate instructions and would likely have skipped any instructions provided to them. Second, models of mathematics learning describe students as active learners who spontaneously create their own strategies to solve a problem , and we did not want to stifle this invention of strategies by prescribing the process of collaboration. Finally, critical reviews of studies involving various forms of scaffolding have argued that performance differences between the individual and collaborative group found in such studies could have been attributable to the fact that the scaffolding (elaboration scripts, dialogue scaffolding, visualizations) was only given to the collaborative group (Mullins, Rummel, & Spada, 2010) .
Participants were given 15 min to play, at which point the game automatically stopped. Figure 1 shows screen shots of the game in the three play modes. Participants then played another 3-min individual play session as a posttest of game performance. At the end of game play, participants were independently administered surveys assessing game-relevant achievement goal orientations, situational interest in the game, game enjoyment, future intentions regarding the game, and their degree of experience with video game controllers. Finally, they completed another individual 3-min play session.
Materials
FactorReactor. FactorReactor is a game designed to practice and automate arithmetic skills, and was adapted from the original version to investigate cognitive and motivational outcomes related to mode of play. The game runs on a PC and is played with an Xbox controller connected to the PC via USB cable. Figure 1 shows screen shots of the game for each mode of play. Arithmetic fluency was chosen because it was identified by many teachers in our collaborating middle schools as a key skill on which other skills from the common core standards in Grades 6 -8 build, but which is not sufficiently developed in many middle-school students. This document is copyrighted by the American Psychological Association or one of its allied publishers.
MODE OF GAME PLAY
FactorReactor possesses the key defining elements of a game: It has a clear goal and clear rules of play, has an engaging game mechanic that allows for a high degree of player choice, provides feedback and incentives, and has a fail state (Salen & Zimmerman, 2003) . The object of the game was to transform the center number into one of the surrounding goal numbers by adding, subtracting, multiplying, or dividing it by one of the numbers from the inner ring. This was conducted by selecting one of the operators (ϩ, Ϫ, ϫ, Ϭ) and one of the inner numbers and then hitting the fire button. For example, if the goal number was 7 and the center number was 2, as it is in Figure 1A , the player might select 5 from the inner ring, and then choose the "ϩ" operator. By pressing the fire button, 5 would be added to the center number, transforming it to 7. A subsequent press of the fire button then solved the problem and automatically advanced to the next goal number. When transformations were done correctly, the center ring turned from red to green. If incorrect or impossible transformations were attempted (e.g., dividing the center number so that it does not result in a whole number, such as 2Ϭ5), the center number would temporarily glow and jiggle. Players had full control over which goal number they worked on at any given time, however, affording considerable flexibility in solving each problem.
Each time the center number was correctly transformed, the player earned a token, called a "ring," and each player began the game with 10 rings. The number of rings rewarded for a correct transformation was equal to 2 times the minimum possible number of transformations for the relevant solution. Players could be awarded between two and eight rings, depending on the problem that was solved (i.e., problems required, at a minimum, between one and four steps to be solved). Rings are used up with each operation, such that when a player hits the fire button, a ring is used; therefore, if a player attempts to transform the center number using multiple operations, multiple rings are used. In this way, the game disincentivized players from reaching their goal by guessing or repeating the same simple operation again and again (e.g., repeatedly subtracting a small number) and encouraged them to use more complex operations to solve problems in fewer moves. Scores were also calculated, which were highest for those who solved each problem using the least amount of rings. The level ended when all goal numbers were computed properly and at least one ring remained.
Levels increased in difficulty, such that the operations needed to reach the goal number became more complex. For example, a player may not be able to simply subtract an inner-ring number to successfully transform the center number as in easier levels. They may instead need to divide by one inner-ring number and then add another inner-ring number, or perhaps a more complex series of transformations. When a player ran out of rings, they received a "Game Over" message and were required to start the current level from the beginning. These messages were therefore an indicator of the use of inefficient strategies used by the players to solve the arithmetic problems presented by the game.
The game screen for the individual and collaborative play conditions were nearly identical (see Figure 1A and 1C). They had one game interface, which included one center number, five inner-ring numbers, and five goal numbers. The only difference between the This document is copyrighted by the American Psychological Association or one of its allied publishers. This article is intended solely for the personal use of the individual user and is not to be disseminated broadly.
6 two was that, in the collaborative condition, both players had simultaneous and independent control over the game operations. That is, each player could select operators, inner-ring numbers, goal numbers, and also hit the fire button. Furthermore, player names were displayed in the upper-left portion of the screen, and in the upper-right portion of the screen were indicators of game performance, which included their current score, level, and number of rings. In the competitive condition, players had their own game interfaces, which were placed side-by-side (see Figure 1B) . Each interface was identical to the individual play condition; however, indicators of each player's game performance were present and visible to both players. Furthermore, both players could work at their own pace, independently advancing through the levels.
Measures
Within-game learning and performance measures. Two indicators of game performance were used. Within-game learning was assessed with the total number of problems solved during the posttest individual game play period. During this game period, players were presented with problems on a similar level of difficulty as during the pretest and experimental sessions. The number of problems they solved, and the challenge level they reached, depended on how fast they progressed in the game. Increased performance during the posttest should suggest that arithmetic learning had occurred during the experimental session. The other indicator was the total number of "Game Over" messages players received during the experimental game play. When a player ran out of rings, he or she received a message stating, "You ran out of rings. The FactorReactor was destroyed," and then players restarted the level, which contained the same problems. Players ran out of rings either because they failed to solve any problems correctly, thereby failing to earn rings, or because they were not efficient enough in solving the problems. Therefore, the number of times a player received this "Game Over" message was also considered indicative of game performance. Pretest performance for each indicator was also collected and used as covariates in the analyses.
Achievement goal orientations. Participants were given the Achievement Goal Orientation subscale from the Patterns of Adaptive Learning Scales (Midgley et al., 2000) . The language in the scale was simplified to ensure comprehension in our middleschool sample and was adapted to be relevant for game play. The 14-item survey asked students to indicate their level of agreement using a 7-point scale (1 ϭ Very much disagree, 4 ϭ Neither agree nor disagree, 7 ϭ Very much agree) in response to items such as "One of my goals was to learn as much as I could about the game" (mastery; ␣ ϭ .87), "One of my goals was to show others that the game was easy for me" (performance-approach; ␣ ϭ .84), and "It was important to me that my performance on the game didn't make me look stupid" (performance-avoidance; ␣ ϭ .70).
Situational interest. Situational interest was measured using an adaptation of the Situational Interest Survey (LinnenbrinkGarcia et al., 2010) . The language of the survey was simplified to ensure comprehension in our middle-school sample and was adapted to be relevant for game play. The survey assessed several aspects of situational interest, including affective responses to the game (e.g., excitement, fascination) and its personal importance. Participants used a 7-point scale anchored at 1 (Very much disagree), 4 (Neither agree nor disagree), and 7 (Very much agree) to indicate their level of agreement with 12 statements, such as "The game was exciting," "I learned valuable things from the game," and "What I learned from the game is fascinating to me" (␣ ϭ .92).
Game enjoyment. Overall enjoyment of the game was assessed with two questions asking participants to rate the extent to which they had fun playing the game and how much they liked the game, on a 5-point scale anchored at 1 (Not at all) and 5 (A lot) (␣ ϭ .80).
Future game intentions. Two items assessed participants' future intentions regarding FactorReactor. The first assessed intentions to reengage in the game, asking "Would you play this game again in the future?" The other assessed their intention to recommend the game to someone else, asking "Would you recommend it to your friends/teachers?" Both items were assessed on a 5-point scale ranging from 1 (Not at all) to 5 (Definitely).
Prior experience with video game controllers. Participants were asked to indicate their level of experience with video game controllers like the ones used in the study, rated on a 5-point scale anchored at 1 (None) and 5 (A lot). This variable was used as a covariate on the game performance analyses (see Table 1 ).
Out-of-game learning measure. Participants were given a pre-and posttest of math fluency as an out-of-game assessment of arithmetic learning. The measure included 160 simple arithmetic problems for which participants were given 3 min to complete as many problems as possible. This measure of math fluency was adapted from the Woodcock-Johnson III Math Fluency subtest (McGrew & Woodcock, 2001) , modified by randomizing the presentation of problems and by including simple division problems as well as addition, subtraction, and multiplication problems. The posttest of math fluency was identical to the pretest, though the problems were presented in a different, randomized order to diminish practice effects.
Results
The data were analyzed using hierarchical linear models (HLMs). In these models, individuals were nested within pairs for the sole purpose of accounting for the correlated variance between individuals playing in dyads, which was the case for two of three of the experimental conditions (i.e., competitive and collaborative play). The main intention of our analyses, however, was to draw conclusions at the level of the individual, not the pairs level, so our report chiefly focuses on individual-level effects.
Across all analyses, mode of play was dummy coded with competitive play and collaborative play entered into the models, and individual play as the reference group. All analyses were run using HLM Version 7 (Raudenbush, Bryk, & Congdon, 2011) . No gender or grade-level differences were found for the dependent variables; therefore, gender and grade level are not considered in further analyses.
Game Performance
Two indicators of game performance were analyzed. In our first analysis, we examined the effect of mode of play (individual vs. competitive vs. collaborative) on the number of problems solved in the posttest of game play. We ran an HLM with number of problems solved as the dependent variable, the two mode of play This document is copyrighted by the American Psychological Association or one of its allied publishers.
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MODE OF GAME PLAY condition dummy variables, and two covariates: The number of pretest play problems solved served as a baseline of game ability, and the degree of players' experience with video game controllers served as a baseline for previous experience with controller-based video games. The equations took the following forms:
Results showed a fixed effect for the competitive condition (p ϭ .02), such that players in that condition performed significantly better than those in the individual condition (see Table 2 for parameter estimates and Figure 2 for a graphical depiction). No effect was found for the collaborative condition, however. An additional fixed effect was yielded for the pretest performance (p Ͻ .001), suggesting that higher pretest scores were predictive of better performance in the posttest. A follow-up analysis comparing competitive and collaborative play suggested that there was no difference in posttest scores between the conditions (p ϭ .14).
Furthermore, there was a significant random effect suggesting that posttest scores varied between pairs, 2 (38) ϭ 65.97, p ϭ .004. The intraclass correlation coefficient (ICC ϭ .40) suggested that 40% of the variance in posttest scores could be explained by the variability between pairs, whereas 60% could be explained by the variability between players.
Our second analysis of game performance examined the number of times players received "Game Over" messages in the experimental play session, with higher numbers indicating poorer performance. In order to examine the effect mode of play had on problem-solving strategy use, we ran an HLM with number of "Game Over" messages received as the dependent variable. Dummy-coded variables for the mode-of-play conditions were included in the model along with pretest number of "Game Over" messages and prior experience with video game controllers as covariates. The equations took the following forms:
Level 1 : Y ij͑ game over messages͒ ϭ ␤ 0j ϩ ␤ 1j͑ competition͒ ϩ ␤ 2j͑ collaboration͒ ϩ ␤ 3j͑ pretest game over messages͒ ϩ ␤ 4j͑ controller experience͒ ϩ r ij . Level 2 :
The analysis yielded a statistically significant fixed main effect for collaborative play (p ϭ .004), suggesting that players in that condition had a higher rate of inefficient problem-solving strategy use than those in the individual play condition. No such effect was found for the competitive condition in relation to the individual play condition (see Table 3 for parameter estimates and Figure 3 for a graphical depiction). A follow-up analysis comparing the competitive and collaborative conditions suggested that there was no difference in the receipt of "Game Over" messages between the groups (p ϭ .11).
Furthermore, there was a significant random effect, 2 (31) ϭ 817.87, p Ͻ .001, suggesting that the number of "Game Over" messages received varied between pairs. The ICC (ICC ϭ .96) suggested that 96% of the variance in "Game Over" messages received was attributable to variability between pairs, whereas only 4% was attributable to variability between individual players.
Achievement Goal Orientations
Our next set of analyses examined the effect mode of play had on participants' adoption of achievement goal orientations during game play. In each of the three analyses, the achievement goal orientation score was entered as the dependent variable in an HLM along with mode-of-play condition dummy codes as predictors. The equations took the following forms:
The analysis for mastery goal orientation scores yielded significant fixed main effects for both competitive (p ϭ .01) and collaborative (p ϭ .04) conditions, suggesting that both conditions invoked a stronger mastery goal orientation than did playing the game individually (see Figure 4 for a graphical depiction). A follow-up analysis, however, showed that mastery goal orientation strength did not differ between the competitive and collaborative groups (p ϭ .28). Furthermore, there was no significant random effect, 2 (38) ϭ 38.19, p ϭ .46, suggesting that the strength of mastery goal orientations was not attributable to the variability between pairs. This article is intended solely for the personal use of the individual user and is not to be disseminated broadly.
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MODE OF GAME PLAY significant effects were found. See Tables 4, 5 , and 6 for parameter estimates for the three goal orientation models.
Situational Interest
Our next analysis examined the extent to which mode of play invoked situational interest in players during game play. Situational interest scores were entered in an HLM as the dependent variable along with the two mode-of-play condition dummy variables as predictors. The equations took the following forms:
The analysis yielded statistically significant fixed main effects for both competitive (p ϭ .04) and collaborative play conditions (p ϭ .01; see Table 7 for parameter estimates and Figure 5 for a graphical depiction). These results suggest that playing in either competition or collaboration with another player made the game more exciting and personally relevant, as measured by the Situational Interest scale, than when playing it alone. A follow-up analysis comparing competitive and collaborative modes showed that they did not differ with respect to situational interest (p ϭ .59). Furthermore, no random effect was yielded, 2 (40) ϭ 44.35, p ϭ .29, demonstrating that the variance in situational interest was not explained by the variability between pairs.
Enjoyment
We next examined the effect of mode of play on players' enjoyment of the game. Enjoyment scores were entered into the HLM as the dependent variable along with the dummy variables reflecting the mode-of-play conditions as predictors. The equations took the following forms:
The analysis yielded statistically significant fixed main effects of competitive (p ϭ .03) and collaborative (p Ͻ .001) play on game enjoyment as compared with the individual play condition. These results suggest that playing the game alone was significantly less enjoyable than playing it either competitively or collaboratively (Table 8 lists the parameter estimates for the model, and Figure 6 provides a graphical depiction). A follow-up analysis comparing the competitive and collaborative groups demonstrated that they did not differ with regard to their enjoyment of the game (p ϭ .38).
Finally, there was a significant random effect suggesting that enjoyment of the game varied between pairs, 2 (40) ϭ 68.60, p ϭ .003. The ICC (ICC ϭ .36) suggested that 36% of the variance in game enjoyment was explained by the variability between pairs, whereas 64% was explained by the variability between individual players.
Future Game Intentions
Two indicators of players' future intentions with regard to the game were examined. The first analysis examined the reported likelihood participants would play the game again. Reengagement intentions were entered into the hierarchical model as the dependent variable along with mode-of-play condition dummy codes. The equations took the following forms:
The analysis resulted in a statistically significant fixed main effect of the collaborative condition (p ϭ .03), such that players in that condition reported a higher likelihood of playing the game again than those who played the game individually. No such effect was found for the competitive condition, however. Those participants' intentions to reengage in the game were no different than those in the individual play group. See Table 9 for the model parameter estimates and Figure 7 for a graphical depiction. A follow-up analysis further suggested that intentions to play the game again were no different for those in the competitive and collaborative play conditions (p ϭ .57). Furthermore, there was no This article is intended solely for the personal use of the individual user and is not to be disseminated broadly. 10 significant random effect, 2 (39) ϭ 36.93, p Ͼ .50, suggesting that the variance in intentions to reengage in the game was not due to variability between pairs.
The second future intention examined was players' intention to recommend the game to a friend or teacher. Therefore, recommendation intentions were added to the hierarchical model as a dependent variable along with the mode-of-play condition dummy variables. The equations took the following forms:
The analysis yielded a statistically significant fixed effect for the collaborative condition (p ϭ .01), but not the competitive condition. These results suggest that playing the game collaboratively led participants to report a stronger intention to recommend the game to someone else than those who played the game individually (see Table 10 for parameter estimates and Figure 8 for a graphical depiction). A follow-up analysis comparing the competitive and collaborative conditions yielded a null result (p ϭ .43), demonstrating that intentions to recommend the game did not differ between the two groups. Furthermore, there was no significant random effect, 2 (39) ϭ 40.24, p ϭ .42, suggesting that recommendation intentions did not vary between pairs.
Math Fluency
Before investigating the effect of game play condition on math fluency, we first examined whether there was an overall change from pre-to posttest fluency scores (see Table 11 ). A paired t test comparing pre-and posttest fluency scores was conducted; however, one participant did not complete the posttest and was thus omitted from the analysis. Results suggested that posttest fluency scores (M ϭ 70.42, SD ϭ 26.67) were statistically significantly higher than pretest scores (M ϭ 66.86, SD ϭ 26.42), t(56) ϭ Ϫ2.59, p ϭ .01. Therefore, players increased their math fluency from pre-to posttest.
Next, we analyzed posttest math fluency scores to investigate the effect of condition. Dummy-coded modes of play were entered into the model along with pretest fluency scores as a covariate. The equations took the following forms:
Although the effect of pretest fluency scores was found to be significant (p Ͻ .001), indicating a positive relation with posttest scores, the analysis indicated no effect of collaborative play or competitive play on posttest math fluency scores. The null result suggests that there were no differences in fluency scores between the individual (M ϭ 65.63, SD ϭ 15.21), competitive (M ϭ 78.68, SD ϭ 36.47), and collaborative (M ϭ 66.77, SD ϭ 22.30) game play conditions. The effect of the grouping variable, pairs, on posttest math fluency scores was found to be not statistically significant. This indicates that none of the variance in posttest math fluency scores is attributable to the pairings after accounting for variability from pretest fluency scores. Furthermore, there was 
Discussion
The goal of the present research was to investigate the learning, performance, and motivational outcomes associated with playing an educational math game either competitively or collaboratively as compared with individually. With a few exceptions, our predictions were confirmed.
Two analyses were conducted to assess the affect of mode of play on within-game learning and performance. The first analysis examined the number of problems solved in the posttest, which showed that, in comparison to individual play, performance was better for competitive, but not collaborative play. Playing competitively may have aided in the development of arithmetic skills such that players were able to solve more problems during the withingame posttest. Our second analysis examined the efficiency of problem-solving strategies used by learners during the experimental session, operationalized as the number of "Game Over" screens received by the player, which found that collaborative play resulted in worse performance than individual play. There was no difference, however, in performance between competitive and individual modes of play.
There may be different explanations for these results. One possibility is that our findings may be specific to the game used in the present study. Indeed, collaboration has been shown to be beneficial for motivation and learning under numerous circumstances (e.g., Deutsch & Krauss, 1960; Hänze & Berger, 2007; Nichols, 1996; Nichols & Miller, 1994; Sharan & Shaulov, 1990; Slavin, 1988) . FactorReactor, however, requires players in the collaborative mode to communicate with each other, negotiating which strategy to select, and who will execute which move. For the automation of arithmetic fluency, these particular tasks may be best suited for modes in which players are in sole control of their game space, as they were in the individual and competitive modes of the present study. This is in line with findings by Mullins et al. (2011) , who found that the mutual elaborations and explanations were beneficial for conceptual knowledge, but not for skill development. Another possible explanation is that the relatively short game play penalized players for their collaborative meaningmaking and exploration, which was reflected in fewer problems solved, and more inefficient strategies explored, than individual play. In a longer game play, this initial exploration may have eventually resulted in better performance than individual or competitive play, which should be investigated in future research.
It should also be noted that it is uncertain whether within-game learning occurred because players in the competitive condition had improved their math fluency or whether there were other explanations. For example, competitive players may have increased their fluency of the game mechanics relative to those in other modes of play, or honed their strategies more effectively. In other words, it is possible that they improved their game-playing skills rather than their arithmetic skills. Future research will need to investigate these possible sources of increased fluency.
Another set of analyses examined out-of-game learning, which was assessed using timed paper-and-pencil tests before and after participants played the game. It was found that players' math fluency scores had improved overall. Without additional data, This article is intended solely for the personal use of the individual user and is not to be disseminated broadly.
however, we cannot necessarily claim that the increase in scores was due to playing the game rather than reflecting a test-taking effect. Contrary to our predictions, a second analysis showed that posttest scores did not vary by condition. Although it is possible that the skills acquired during game play do not transfer to outof-game measures of learning, the relatively short duration of game play may have not been sufficient for the transfer to occur. A series of analyses were also conducted to examine the effect of mode of play on multiple indicators of motivation. In comparison to individual play, competitive and collaborative play resulted in the strongest mastery goal orientation, which is associated with highly adaptive patterns of motivation and learning (Ames, 1992; Midgley et al., 2001 ). This finding suggests that these modes of play may impact students' learning-related goals to focus more on learning the subject matter, improving, and finding the most optimal strategies, and less on normative comparisons with other students or validating their abilities. This notion is further supported by the fact that we found that the competitive and collaborative modes of play did not differ from individual play in their invocation of performance-approach and performance-avoidance goal orientations. This null finding may have stemmed from the way in which participants experienced the competitive mode. Although performance goals are concerned with outperforming others, it is in the service of demonstrating normative ability (e.g., Grant & Dweck, 2003; Urdan & Mestas, 2006) . Indeed, performance goals and competition are different constructs. Playing in competition with another student may not be sufficient to invoke concerns about normative ability. If a student were to play against all of his or her classmates and their scores were made available to each other, however, a concern for normative performance may be elicited, along with a performance goal. In other words, although competition may play a role in the invocation of performance goals, such that there exists a desire to outperform others, our data suggest that the way in which competition was operationalized in FactorReactor was not sufficient to invoke performance goal orientations. Given the properties of the game we used, our results suggest that in the context of a learning game, competition with only one other player, rather than all other classmates, may be an effective means of invoking a mastery goal orientation without the negative outcomes associated with the invocation of performance goal orientations.
Our results also demonstrated that competitive and collaborative play increased situational interest and game enjoyment in relation to individual play. That these constructs were augmented has particularly important implications for the use of these modes of play in educational games. First, students are more likely to engage in a task they perceive to be enjoyable (Salen & Zimmerman, 2003) , thereby increasing their exposure to the educational content. Second, the invocation of situational interest suggests that the effect of the game reaches beyond mere enjoyment. Relative to the individual play condition, players in the competitive and collaborative conditions experienced the game as personally involving and that the content of the game was valuable and personally relevant. This increase in situational interest lays a foundation on which a more internalized and enduring interest, individual interest, is built.
Additionally, collaborative play increased participants' intention to play the game again and to recommend the game to another. This supports the notion that games not only engage students in particular learning activities and content but also increases the likelihood of reengagement over time, in and out of classroom (Gee, 2007; Squire, 2003) . It also suggests that they may foster the development of a more internalized individual interest that intrinsically guides students' future learning endeavors, both alone and assisted by an instructor (Bergin, 1999; Deci, Vallerand, Pelletier, & Ryan, 1991) .
It should be noted that our indicators of motivation were generally assessed in terms of the game itself. Therefore, it is possible that our results reflect motivational responses to the game rather than arithmetic. The intention of educational games, however, is to provide a context that engages learners and motivates them to reengage over time. Furthermore, the effectiveness of these games is attributable, in part, to their ability to reengage learners. For example, a student who enjoys a math game may play it frequently, resulting in increased exposure to and practice with mathematical operations. Even so, a number of the items used to assess motivation referred specifically to the learning content of the game, as with our assessment of situational interest, which likewise resulted in our predicted effects.
Taken together, our results suggest that there are benefits and costs associated with particular modes of play. Although the competitive and collaborative modes elicited the strongest motivation and interest, and increased the degree to which mastery goal orientations were adopted, the collaborative condition resulted in the highest frequency of inefficient strategy use, yet led to more positive attitudes toward the game. More specifically, participants in the collaborative condition had to restart the most levels, suggesting that their collaborations were inefficient and error-prone, and led to the use of poor strategies as compared to those in the individual mode. Yet, collaborative play also led to greater intentions to play the game again, suggesting that, over time, this negative effect could be resolved.
Limitations and Future Research
As is the case for all empirical studies, there are some limitations to the generalizability of our findings. Most importantly, the results of this study cannot be readily generalized to all educational games. The game used in this research, FactorReactor, was designed for the practice and automation of arithmetic skills to increase fluency in middle-school students. There are many genres of games with features that differ significantly from this game, such as role-playing games, adventure games, augmented reality games, or first-person shooters. Because of the corresponding design differences, a different effect of mode of play might be This document is copyrighted by the American Psychological Association or one of its allied publishers. This article is intended solely for the personal use of the individual user and is not to be disseminated broadly.
13 expected for other game genres. For example, we found collaborative play to increase the rate of adoption of inefficient and error-prone strategies during the game. We would not, however, suggest that collaboration is detrimental to performance in general. The characteristics of this particular game may not have been ideal for collaborative play within a 15-min period, which may have been alleviated by the fact that we chose, for the reasons outlined above, to keep instruction on how to collaborate to a minimum. Future research will need to investigate whether our findings can be replicated with games with similar objectives, but from other game genres. Future work should also examine the effects of other design factors, and should investigate whether the effects found in the present study are different for games that cover different kinds of knowledge, for example, whether collaborative game play would result in better learning of conceptual knowledge, as suggested by Mullins et al. (2011) . We are also interested in conducting further research to explore the learning processes in individual versus collaborative and competitive game modes by collecting process data such as biometrics and eye tracking (Aleven, Rau, & Rummel, 2012) .
Conclusion
The results of this study, which provide initial evidence for the effect of social context in game-based development of arithmetic fluency, have important theoretical and practical implications.
On the theoretical side, we demonstrated that although only the competitive mode of play increased within-game learning, both competitive and collaborative modes of play increased situational interest, enjoyment, and the adoption of a mastery goal orientation, compared with individual play. These results are in line with previous research in computer-supported learning of mathematics that showed that benefits of collaboration were only found for conceptual knowledge, but not found for skills acquisition (Mullins et al., 2011) . Our research extended these findings by also considering the impact of a form of competition that has the benefits of increased performance while still invoking a mastery goal orientation rather than a performance goal orientation. It is especially interesting that although resulting in inefficient use of problem-solving strategies and error-prone game play, collaborative play was associated with greater enjoyment, situational interest, and intention of reengagement than individual play. These results fit within a framework of learning with media that recognizes the importance of social context and related affective variables in addition to cognitive ones (Moreno & Mayer, 2007) .
On the practical side, this research provides empirical support for the potential of educational games as effective learning environments that provide incentives for students to play repeatedly over time. Our results demonstrate that game designers need to earnestly consider the differential effects of competitive and collaborative modes of a game in skill fluency development. Although both modes of social play increase situational interest and future intentions to play, only the competitive mode resulted in increases in game performance compared with individual play, whereas collaborative play resulted in the adoption of less efficient problem-solving strategies. This research also highlights that many of the outcomes of learning with gamelike environments are of an affective nature and that such affective outcomes of motivation and interest have to be considered in addition to the cognitive learning outcomes of a game.
In summary, the research reported in this study provides empirical support for a social context design pattern that emphasizes competitive modes of play over collaborative and individual play for games aimed at developing arithmetic skill fluency and adopting of a mastery goal orientation, as well as increasing situational interest and enjoyment.
